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Research on Non-Enzymatic Browning of Orange Juice
Concentrate During Storage

ZHAO Diging', ZHANG Min™, LIU Yaping
(1. School of Food Science and Technology,Jiangnan University Jiangsu, Wuxi 214122, China;2. Guangdong
Jiahao Foodstuff Co., Ltd, Zhongshan 528400, China )

Abstract: The changes of main substances causing non-enzymatic browning of orange juice
concentrate under various storage conditions and their relations with browning were studied.The
main reasons of browning in orange juice concentrate were searched by correlation analysis and path
analysis.The results showed that ascorbic acid degradation,carotenoids degradationand
multi-hydroxybenzene oxidative condensation were the major factors leading to browning , the effect
of Maillard reaction on browning was slight.
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Fig. 2 Changes of reducing sugar during storage
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Fig. 5 Changes of ccarotenoids during storage
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Table 2 Correlation coefficient of all factors
I N N N
-048 0966 0978 0.956 -0.946
X, -0.48 1 -0.51 -0.559 -0.446 0.369
X; 0.966  -0.51 1 0.969  0.988 -0.958
X, 0978 -0.559 0.969 1 0975 -0.969
X 0956 -0.446 0.9838  0.975 1 -0.987
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Table 4 Correlation coefficient of all factors
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X, 0978  -0.559 0.969 1 0975 -0.983
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Table 6 Correlation coefficient of all factors
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Table 8 Correlation coefficient of all factors

1 -0.791 0.969 0.993 0.956 -0.994
X, -0.791 1 -0.664 -0.755 -0.597 0.758
X; 0969  -0.664 1 0.983 0974 -0.968
Xy 0993 -0.755 0.983 1 0974 -0.996
Xs 0956  -0.597 0.974 0.974 1 -0.97
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9 KW, ERAIEH 5 AT ,25 CIH
AT B BR A A (X)X e i 48 T 048 75 48 B0 iy
K, P=-0.795 7; Bl (X;) K Z ,P=0.417 2;/EH
B /N IE JREAE (X,) , P=—-0.026 3, N\ 9 ik il LIF
L EERSAS W KW MR SURMRNE
B 5 W X R 25 i B0 5 ) A AR 3 28 5 3 DR 5 L
(SO =RES A IR

A& UUE RECh (1A 2.3.1)

d,=0.165 8,d,=0.000 7,d:=0.174 1,d,=0.633 1,
d=0.053 8

dp =-0.016 9,d,;=-0.329 3,d,,=0.643 5,d;s=
0.1806
d»=0.014 6,d»=-0.031 6,d»=-0.007 3
d=—0.652 7,ds=—0.188 5
d4=0.359 6
>.d=0.999 4
o RACAT LA 25 CIVTje 5% 14 °F vk 4 1%
T 2% Bws 22 K 7 0 4 78 48 B D R ECT HEA4
3 AL cda>di>dyo ST B IR S A 55 5
Xof 8y 718 i SO 5 W) e R 5 T AN I R R B TR A R Y
HAERMKZ ; BILRES R WAL 3 47 ; H
RIS,
MRS H, ¥ d=0.999 4,Pe=0.024 5 i C
FE T AT AR R HUR I IR
25 37T CEEEHTREBTEBETNER
7
251 BESH—EZRFAEZAE* LY F A
X1 Xy X3 X, XY, AR (0] (A 56 BR800 10,
F10 SFERFEMHEXRY

Table 10 Correlation coefficient of all factors

-----

-0.949 0.969 0.988 0.874 -0.957

X,  —0.949 1 -0.968 -0932 -0.842 0.897

X; 0969  -0.968 1 0.972 0.897 —-0.952
X, 0988  -0.932 0.972 1 0.922 -0.982
Xs 0.874  -0.842 0.897 0.922 1 -0.974

i R P AR C R AT AR R AR A& X
@2 AE* {H Y, i) B 4@ S R P=-0.510 1,P=-
0.245 2,P=-0.142 5,P=-0.076 , P=—0.533 6 Bl M#1T
IR 8 wE Sl IR SR K DR X
2% AE* (H (Y)W HHE0 R R MEER 25 P,
M AR REOTRAA R, s R 11
(R BRIF 2.3.1)

x11 BEHWE
Table 11 Table of path analysis

X, -05101" 02327 -0.1381 -0.0751 -0.466 4 —0.957

X, 04841 -0.2452° 0.1379 0.0709 04493 0.897
X; -04943 02374 -0.1425" -0.073 9 -0.478 6 -0.952
X, -05040 02286 -0.1385 -0.076 0" -0.492 0 -0.982
Xs -04459 02065 -0.1278 -0.070 1 -0.533 6" -0.974
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1R FEHAATIEN 5 TR, 37 CIE i
T IIAE R X)X R 825 AE* {8
S fe K, Ps=-0.533 6 FUIRIALAR (X)) IR Z , Pi=
-0.510 1;/E /M A RS A (X,) ,P=-0.076 0,
M R LR 1, RS N R FPUIR R S
FoA PR 2 1 52 A 52 825 AR B 19 5% i 1+ 4
Rt JHMARE S AR ENE G AR,

TS U RECH (IR 2.3.1)

d,=0.260 2,d,=0.060 1,d;=0.020 3,d,=0.005 8,
ds=0.284 7

d,=—0237 4,d,=0.140 9,d,,=0.076 6,d,=0475 8

dy=—0.067 7,d»=—0.034 8 ,d»=—0.220 4

d=0.021 1,d=0.136 4

ds=0.074 8

¥.d=0.996 7

PR 2R BT LLE 37 CCIPRE 25 18 T ok 4 1%
&SR AR N T X0 22 AE* (deE Z80h | HE4 R
3HYIE cdis>ds>dy . T DR ABUIR LRR 125
S0 25 AR (B 52 A 5 R R0 8 N ZE Y 52
W PUIR IR 1 SE M AL FE 26 3 467 ; LA R IS4

R T, Yd=0.996 7,Pe=0.057 4 i} E
K T2 AE* [HA b EEIN K,
252 @BESH—EEBFAE TR A A0 Ha
X0 Xo X5 Xy X5\ Y, 728 B (B] A AH G R B2 12,

£12 SEFENELRY

Table 12 Correlation coefficient of all factors

X

1 -0.949 0.969 0.988 0.874 -091
X, -0.949 1 -0.968 -0.932 -0.842 0.833
X; 0969  -0.968 1 0.972 0.897 -0.884
X, 0988  —0.932 0.972 1 0922 -0.944
Xs 0874  -0.842 0.897 0.922 1 -0.979

AR R BURYE AR O R BOT B 155 H 15 48 48
FRECY, MEBE R R P=-0.819 7,P=-0.124 8,
P:=0.609 6,P,=—0.008 5,Ps=—0.905 EJl J}j #T IF IfiL % .
W JEOE S R BRI S A S N R AR AR R AL
Apo(Yy) W E AR REL, 3R R A P h B $E
WA RBGTEAES, WS R R 13 ([
23.1),

x®13 BESWE
Table 13 Table of path analysis
X, -08197° 0.1185 05907 -0.008 4 -0.791 0 -0.910
X, 07779 -0.1248 -05900 0.0079 0.7620 0.833
X; -0.7943 0.1208 0.609 6° -0.008 3 -0.811 8 —0.884
X, -08099 01163 0.5925 -0.008 5" -0.834 4 -0.944
Xs -0.716 4 0.1051 05468 -0.007 9 -0.905 0" —-0.979

13 FW GRS AT, 37 CIE iR
ST N F (X)X ARG T 1948 25 48 K0 )
K, P=-0.905 0; FLIN IR (X,)IKZ ,P=-0.819 7;
VEM /N R IER SR (X,),P=-0.008 5, % 13
TR LU, 280 8 N RBOIR I R 5 oA P R
1) 52 5 352 W) Xof 46 725 8 5000 52 Mt 1 43 58 5 3 B
HHABRE R E G5 MRS,

THREAR S YeE ZECh (7] 2.3.1)

d,=0.671 9,d,=0.015 6,d:=0.371 6,d,=0.000 1,
ds=0.819

d,=-0.194 2,d,=-0.968 3,d,=0.013 8 ,d,=1.297

dy=0.147 3 ,dp=—0.002 ,d»s=—0.190 2

dy=—0.010 1,d=—-0.989 7

d=0.014 2

¥ .d=0.995 7

Hy e R BOAT LA Y 37 CCIVE 45 1 F vk 4 4
T A% B0 A2 T % 48 A8 18 B0 Je e R0 HEA
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S TR XoF 463 722 5 B0 52 M Fe K5 2R 8 N RLE I Y
8B R YR 22 P YR AL IR R T 1) R A B e Ak A S
347 HAR MR 2

MR EEE Y, Y d=0.995 7,Pe=0.065 6 i E
T A T AR AR B A R E R

| 3 2 i
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AR

P AN [R) 3T X6 e A R 0% 3 A o A A A
TR Bl BE 2 PF TR, 5 A e A 9 AR A A Y
U] X5 (022 AE* {E (V) P K iE 173 42

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.5 2018



o

Aol F R AT e R P AR R K W AT A

OHT L AE 4 CHRMET  J R AMENE PRI
GRS A PSRRI ENISE A0 S NFENYEE 2l NN SR AL
WZ; BBMZENE N ROE ST 3 47,
1625 CHMT, K% MEXM @2 AE* {ER I
I NEIESUIE N SUE RN (NN R AN G
W N RMEARERES RN EZ A WAL 3 A7 78
37 CAMFT W N Z AP MR 1Y) 555 52 Wi X
@2 AE* HIVZ TR, KE PRERWKZ
PUIR LR B2 W AR TR 2R 3 6 o X 52 Wi 4 A2 48 5 A o
(Vo) MR AT AL  AE 4 CHRIFT, B Ak

2 2 PR A R I A5 B TR U 22l T ) 532 ) Ao 1 2
3B 1R 25 CHAMT , B MEA IR SANE 5%
W of 4y 22 45 K5O 52 W) 0 A 5 DU I 2 A 2 2 P S R
MEBEMIRZ ; BEMRS RN TEER 3 47 ;
15 37 CHMT, PURMBR AR S b X E /%
LR RCSRE RV iR (R R SNFESYE SN PR i DR
BRMICZ 5 HUIR MR AL M 049 52 5 52 Wi A A5 3
i RARSRUL, W R AR DU IR ) A 1L
Wit | B 26 ) o 9 B AL 4 5 2 S BOR Z I A AR AR
AR 3 R B B DN T S A48 S R e 4 4 T AL

(RN ICRE S ALROR SRR R R A Th - S NPSY FONA R AITE T\

SEMk .

[1] YU Yabai,XIE Honggen,CHEN Yuan. The present situation about the orange juice processing industry and development
countermeasures of our country[J]. China Fruit News,2006,23(12) :4-5.(in Chinese)

[ 27 E/NBA. BT Tk B2 09 i A T 25 Ak 5 48 A8 45 HIAUF 5T (D). | ZR 1 ¥ K 2%, 2013,

[ 3 1 WANG Hua, LIU Junxuan,MA Yagqin. Physicochemical parameters and color change of Hamlin orange juice during storage[J].
Food Science,2012,33(24).321-324.(in Chinese)

[ 4 1 SHU Nianhui. Research on browning and controlling of fruit juice[J]. Food and Fermentation Technology,2011,47(5):59-61.
(in Chinese)

[5 ] LI Peiyan,QIU Nongxue. Comparison study on browning of Fuji Qinguan and Granny Smith in apple juice processing [J].
Journal of Shaanxi Normal University : Nat Sci Ed,2008,36(6):96-100.(in Chinese)

[ 6 1 XU Huiyan. Research progress on non-enzymatic browning of fruit juice and influence factors[J]. Academic Periodical of Farm
Products Processing,2011, (4):103-106.(in Chinese)

[7 1 MA Xia,GUAN Fengmei, GUO Limei,et al. Factors affecting nonenzymatic browning of juice and controlling[J]. Shandong
Food Fermentation, 2002, (2):14-17.(in Chinese)

[ 8 1 SUN Jiahe,ZHAO Jianwei, CHEN Kui, et al. Relation between browning of white soy sauce and Maillard reaction during storage
[J]. Journal of Food Science and Biotechnology,2015,34(10):1062-1068.(in Chinese)

[9 1R A%, B VHAE N T 72 i 2 R M 52 [D]. P B K% ,2010.

[10] CHOI M H, LEE H S. Effects of ascorbic acid retention on juice color and pigment stability in blood orange (Citrus sinensis) juice
during refrigerated storage[J]. Food Research International,2002,25(8):753-755.

[11] JING Yanhui, XING Liuwei. Path analysis and its applications[J]. Statistical Education,2006, (2):24-26.(in Chinese)

[12] ZHANG Huai, SUN Junyan. New exploration on path analysis[J]. Journal of Hebei Agricultural Sciences,2008,12(4):1-3.(in
Chinese)

[13] HAN Yan, WU Houjiu, DOU Huating. Color changes of fresh orange juice during refrigerated storage[J]. Food Science,2010,31
(2):269-272.(in Chinese)

[14] VINA S Z,CHAVES A R. Antioxidant responses in minimally processed celery during refrigerated storage[J]. Food Chemistry,
2006,94(1):68-74.

[15] i o, & i 43 B M. b5t Ak Tl s bt , 2004 : 20-60.

[16] XU Huiyan, SUN Xiaodong,ZHANG Peijun, et al. Determination of total polyphenols of Chinese jujube juiceby folin-ciocaileu
method[J]. Food Research and Development,2009,30(3):126-128.(in Chinese)

[17] [ 52 Jo s W 7B s 36 A 922 20 Ry, GBY/T 12143-2008 , 1k} E H 43471 77 74 [S). At - A 45 e Bk, 2008.

[18] A4 M4 A B AE A0 S 50 TR R HE AR M. 56 2 BRLAL ST i S5 80 th AL , 2006 : 204-205.

LHStHRAZIL 2018 FE 7 EE 5



RESEARCH ARTICLE ZHAO Diging,et al: Research on Non-Enzymatic Browning of
Orange Juice Concentrate During Storage

[19] MARTIN D A B,RICO D,BARAT J M, et al. Orange juices enriched with chitosan: optimisation for extending the shelf-life[J].
Innovative Food Science & Emerging Technologies,2009,10(4) :590-600.
[20] WANG Hanping, WANG Haodong. Research on non-enzymatic browning of jujube juice during storage[J]. Science and Technology

ofFood Industry,2008,29(10):237-239.(in Chinese )

75 S 5 S - R

BRI L ESEELRIMIEAFTR AR S

2018 4 3 A 22 H ,BKHAZ 514 & Ai (EU)2017/469 536 KL , MR 4 BRI i £ Fn FE 2 25 (EC) 48 2015/
2283 SE R, BACH WO 123 A g 25 1 BRCHR VA B (EU ) 2015/2283 i iy — i 2 24 £ B A 8 8 ol
BT 5, = FP 525 55 1) & B 1L 9 (Cynanchum wilfordii Hemsley ) (i 75 (Phlomis umbrosa Turcz) F124
4 (Angelica gigas Nakai) ,

[i) B e B % R 2 S 40 ) (EU ) 2017/2470 , N A 45 . — 4% 15 L (EU)2015/2283 4 8 &1
FAE B A BR R AT 6 b T8 B IR X HE 1 A] LAGE BT £ o A S AR 2 oK s = R AR S M I 2
BURTE 5 £ 61 2002/46 /EC FHEHLE #h2e

AL IAE R B T A ARG 20 KA,

(5 BRVE 1T WTO TAFRS. i 52 ACHS B8 L3 45 50 25 48 UM AR B & a4 [EB/OL). (2018-
3-27). http://www.xmtbt—sps.gov.cn/show.asp?id=56834

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.5 2018



